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OCEĽOVÁ Et al. to improve the animal's health and performance. Despite of that total effect of EO is the result of all components and their interactions, two or three components which constitute 85% of total compounds contribute to the primary propereties of EO (Zhai, Liu, Wang, Wu, & Kluenter, 2018) . It was observed by Plachá et al. (2014) that supplementation of thyme essential oil (TEO) in the diet of broiler chickens improved their antioxidant status and intestinal barrier integrity as well as evoked an immune response in chickens.
According with Lee, Everts, Kappert, Frehner, and Losa (2003) the reason of thyme oil antioxidant activity is the phenolic OH group which acts as a donor of hydrogen to peroxy radicals and by this way can inhibit the hydroxyl peroxide formation. However, it is important to focus on the mode of action of individual plant compounds in the animal organism, because different types of compounds can be involved in various pharmacological activities. The physico-chemical characteristics of the administered compound, biological features of the digestive tract and form of dosage influence the probability of the compound entering the systemic circulation and subsequently reaching the therapeutic target (Hu & Li, 2011) . The presence of an active compound in the organism is determined by its kinetic parameters (rate of absorption, distribution, concentration at target site, route of excretion and rate of excretion), which are the major determinants of the dose regimen needed for its administration to achieve the desired effect (Haritova, Schrickx, & Fink-Gremmels, 2010) . Kohlert et al. (2000) reported that EO components are quickly eliminated with an elimination half life of about 1 hr and their metabolic fate depends on their chemical structure. However, according with Lee, Everts, and Beynen (2004) after continuously feeding a diet with EO without withdrawal periods EO constituents could be deposited in poultry tissues. Research studies regarding the appropriate dosage and length of EO application are still lacking.
The current experiment was intended to examine the connection between continuous TEO supplementation at various concentrations in the feed of broiler chickens and the concentrations of its main compound thymol in individual intestinal segments, in order to acquire a more detailed view of the animal response to sustained TEO supplementation.
| MATERIAL S AND ME THODS

| Experimental design
A total of 32 one-day old Ross 308 hybrid broilers were randomly divided into eight dietary treatments of eight birds in each.
Treatments differed in the TEO concentration (0.00%, 0.01%, 0.05% and 0.1%, w/w) added to the diet. The chickens were reared under the standard required conditions (Aviagen ® , 2014). The feeds and water were provided ad libitum to the chickens. The feeding regimen consisted of a starter (0-14 days) and grower diet (15-28 days, using the method described by Oceľová et al. (2016) . Briefly, the prepared diet was milled, 0.2 g was weighed into a glass tube, and Feed intake was measured daily, and body weights were measured once a week. At the age of 4 weeks, all chickens from each treatment group were slaughtered with respect to feed transit time to achieve food storage in digestive tract (Denbow, 2015) . Plasma 
| Thyme essential oil
Commercially available thyme oil (Thymus zigis L.) was provided by HANUS s.r.o. Slovakia and its chemical composition was analysed using chromatographic analysis (Oceľová, 2017) .
| Analysis of thymol in plasma, gut content and duodenal wall
Detection of thymol in samples of plasma, gut content and duodenal wall was performed using headspace solid-phase microextraction followed by gas chromatography coupled to mass spectrometry method as was described by Oceľová (2017) . Briefly, detection and quantification was carried out using a GC/MS (type HP 6890 GC)
coupled with a 5972 quadrupole mass-selective detector (Agilent Technologies GmbH, Santa Clara, CA, USA). Detection of thymol was confirmed by comparing its specific mass spectrum and retention time with those of the reference compound (Applichem, Darmstadt, Germany). Additionally, the Kovats index was calculated. Calibration curves were generated by plotting the peak area ratios of thymol samples. Samples of plasma, gut contents and duodenal wall for the detection of thymol were prepared using the method described by
Oceľová et al. (2016). An enzyme β-Glucuronidase Helix pomatia
Type HP-2 (aqueous solution, ≥100,000 units/ml, Sigma-Aldrich, St
Louis, MO, USA) was added to samples of plasma and duodenal wall to cleave thymol from its glucuronide and sulfate, since only free thymol can be detected in the GC-system. Samples of intestinal content were analysed without adding the enzyme in order to detect free unbound thymol supposed to be available for intestinal absorption.The analyses were calibrated with tissue samples from animals of the control group, and the limit of quantitation was calculated as LOQ = 1.0 ng/ml for plasma, 3.2 ng/g for duodenal wall, 6.0 ng/g for duodenal content, 2.3 ng/g for jejunal content, 2.6 ng/g for ileal content, 3.9 ng/g for caecal content and 10.7 ng/g for colonic content, on DW basis each.
| Ethical issues
The experiment was carried out in accordance with the established standards for the use of animals. The protocol was approved by the 
| Statistical analysis
Values of thymol concentrations were tested for normal distribu- 
| RE SULTS
| Chemical composition of thyme essential oil
Thymol (39.9%) and p-cymene (16.4%) were identified as main compounds of TEO. Between concentrations 1%-10% were determined: linalool, β-caryophyllene, γ-terpinene, camphor, eucalyptol, endo-borneol, carvacrol, terpinen-4-ol, 1-octen-3-ol, α-pinene, carvacrol-methylether, β-myrcene, α-terpinene and at the lowest concentration (<1%) camphene, o-methylthymol, α-terpineol, 3-hexen-1-ol, limonene, carvone, β-pinene and δ-cadinene were presented.
| Growth performance
The birds' average slaughter weight at the end of the experiment was 2,022 ± 116 g. The average weight gain was 54.41 ± 1.36 g/day per bird, the average feed intake was 77.38 ± 2.99 g/day per bird, and
the feed conversion ratio (ratio of feed intake to weight gain) was 1.35 ± 0.05. All birds were in good health, and performance parameters were not influenced by any concentration of TEO in the diet.
| Thymol concentrations in feed mixtures, plasma, duodenal wall and gut content
A significantly increased thymol amount was observed after the highest TEO addition (0.1%) in comparison with 0.01% TEO enrichment in plasma, duodenal wall and gut content of jejunum, ileum, caecum and colon, as we expected given the increasing thymol levels in the feed (Table 2) 
| D ISCUSS I ON
In the present study, TEO in all concentrations was well accepted by animals, and the performance parameters were comparable to performance standards of the breed. Information available from current research publications points to the probability that TEO and/or its active compound thymol could improve the health and performance of animals, but it seems that it depends on the diet formulation and the environment. These studies are limited, and further investigations are desiderable (Salehi et al., 2018) .
Thymol concentration in the duodenal wall after 0.1% TEO addition was significantly higher than that in the duodenal wall of chickens in the group with the lowest TEO addition. However, this result was not repeated within the duodenal content. TA B L E 2 Effect of various thyme oil concentrations in broiler chickens diet on thymol content in feed, duodenal wall, gut content in individual parts of intestine (µg/g DM) and plasma (µg/mL)
In the study by Haselmeyer, Zentek, and Chizzola (2015) , at the highest level of dietary thyme supplementation (thymol content was 55 μg/g DM feed), thymol concentration in the caecum content was about 50% of that detected in the jejunum. The researchers assumed that this decrease could be caused by efficient absorption of thymol in the small intestine. In the current experiment, we observed this phenomenon only after the lowest TEO fortification (thymol content in feed was 64 μg/g DM). At the higher feed supplementation (0.05%; 0.1%), thymol concentrations in the caecum were even slightly higher than those in the jejunum. Generally, various definitions are used to divide the chicken intestine, and this fact could also cause the contrast between our results and the above-mentioned study. In particular, the definition of the jejunum as a long intestinal segment in our experiment could differ from that of Haselmeyer et al. (2015) . In our results, we also observed that thymol levels in the colon were about 1.7 times higher on average than those in the caecum for all dietary TEO levels. Intestinal microflora is involved in enzymatic activity which could influence absorption and concentrations of plant compounds present in the intestinal lumen. It could be possible that the colonic microflora possesses hydrolytic enzymes (capable of cleaving thymol metabolites to thymol) to a greater extent than the caecal microflora. To our knowledge, interaction between thymol metabolites and intestinal microflora has not been investigated to date. In the case of thymol, in vitro colonic fermentation indicated no or very low activity of gut microbiota in terms of thymol utilisation during 48 hr (Mosele et al., 2014) . However, according to Michiels et al. (2008) , thymol was degraded by 29% when in vitro fermentation was carried out using piglet caecal microflora.
We observed relatively low concentration of thymol in the caudal small intestine (ileal segment). This result could point to intensive thymol absorption in the cranial parts of the digestive tract. This result is in agreement with those of Michiels et al. (2008) , who assumed that compounds derived from EO (carvacrol, thymol, eugenol, trans-cinnamaldehyde) were absorbed in the stomach and cranial small intestine of piglets. However, we detected thymol molecules not metabolised or metabolised and possibly hydrolysed back (by bacterial enzymes) to the parental compound. This means that even though thymol concentrations in the ileum were low, thymol conjugates could be present in higher concentrations.
We evaluated the significant correlation between thymol levels in plasma and the gut content within intestinal segments which point to its intensive absorption in gastrointestinal tract. Concentrations of xenobiotics and plant compounds in the gut content are closely related to their concentrations in the intestinal wall (Silberberg et al., 2006 ). This depends not only on absorption, but also on excretion of those compounds back to the intestinal lumen, and on their transport through the basolateral membrane of enterocytes to blood capillaries (Kulkarni & Hu, 2011) . These processes involve interplay between uptake (influx) transporters, efflux transporters and xenobiotic-metabolizing enzymes in the intestinal tissue (Wang, 2011) .
Influx transporters play an important role in the absorption of xenobiotics, while transporters localised at the basolateral membrane are responsible for transporting compounds to the blood or lymph.
Expression of drug efflux transporters was investigated in the intestine of poultry by Haritova et al. (2010) . They found that multidrug resistance-associated protein 2 (MRP2) mRNA transporters localised at the apical membrane of enterocytes act as an important mechanism against intestinal absorption of xenobiotics (Arana, Tocchetti, Rigalli, Mottino, & Villanueva, 2016) . The fact that we found low concentrations of thymol in the ileum could be due to low MRP2 transporter activity, so thymol and/or thymol metabolites could be absorbed into enterocytes and effectively transported to the blood circulation. Taking all these findings into consideration, we speculate about the influence of these transporters on thymol absorption and thus also on its concentration in the gut content.
| CON CLUS ION
To our knowledge, the thymol concentrations in individual intestinal segments throughout the length of the intestinal tract of broiler chickens after continuous TEO supplementation were analysed for the first time in this experiment. It would be desirable to find out the exact mechanism of thymol absorption (concerning the activity of influx and efflux transporters) in the individual intestinal segments, the proportion of thymol which was metabolised in enterocytes and the exact mechanism of thymol recirculation within the digestive tract.
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